Introduction
Evapotranspiration is a highly non-linear process in catchment hydrological cycle, and simulation of the evapotranspiration process is a major component of physically-based hydrological models. Most process-based hydrological models estimate actual evapotranspiration following the Penman's approach (Penman, 1948; Allen et al., 1998) by reducing potential evapotranspiration to actual evapotranspiration in response to water stress which is given by a function of soil water availability for a given vegetation condition. The soil water availability is governed by other hydrological processes such as infiltration and soil moisture redistribution (both vertically and laterally). Physically-based hydrological model predict the catchment water balance through detailed simulation of hydrological processes at small temporal and spatial scales. However, catchment annual evapotranspiration can be easily and simply predicted using lumped conceptual models such as Fu's model based on the Budyko hypothesis . Combination of these bottom-up and top-down approaches can help understand the dominant control on catchment evapotranspiration at different time scales. The top-down approach in hydrology was first introduced by Klemes (1983) and extended further by Sivapalan and coworkers as outlined in Sivapalan et al. (2003) . This approach was used to investigate the hydrological response at long temporal scale and large spatial scale (e.g. an annual time and watershed scale) and progressively narrowing down to processes at smaller scales (e.g. hourly time and hillslope scale). The major advantage of the top-down approach is that it can reduce data requirements and limit model complexity (Littlewood et al., 2003) . The lumped conceptual model is a typical example. A simple lumped model can be easily used for hypothesis testing and as the starting point for developing a new generation of models. Many researchers carried out a series of studies using the top-down approach (Klemes, 1983; Jothityangkoon et al., 2001; Atkinson et al., 2002 Atkinson et al., , 2003 Farmer et al., 2003; Eder et al., 2003; Son and Sivapalan, 2007; Zhang et al., 2008) , and developed a collection of lumped conceptual models for simulating water balance responses across different temporal scales (annual, monthly and daily) in different watersheds located in different climatic regimes. Budyko (1974) proposed a semi-empirical relationship between the ratio of annual evapotranspiration to annual precipitation and the ratio of annual precipitation to annual net radiation. Considerable research has been performed on the
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Budyko curve (Fu, 1981; Milly, 1994; Choudhury, 1999; Wolock and McCabe, 1999; Zhang et al., 2004 , Yang et al., 2008a through analyzing the interactions between climate, soils and vegetation in producing annual water balance. A simple water-energy balance equation (Yang et al., 2006 and based on the Budyko hypothesis (1974) has been used for predicting the long-term average evapotranspiration and the inter-annual variability of evapotranspiration. The top-down approach is usually used for explaining the observed responses at the watershed scale, in which one problem is how to generalize the catchment hydrological pattern and whether the hypothesis of conceptualization is reasonable. Another problem is how to explain the interactions between the response at watershed scale and the processes that contributed to it that occur at smaller scales. The top-down approach has not been widely used in hydrological prediction, but as mentioned this approach should become an important component of the toolkit for data analysis and hydrological model development. The bottom-up approach in hydrology generally uses "process based" or "physically based" distributed hydrological models, which can predict overall catchment's water balance components based on process simulation at smaller spatial and temporal scales. In order to understand the hydrological processes at a local scale and to analyze the temporal and spatial variability of water resources at a watershed scale, a number of distributed hydrological models have been developed: SHE model (Beven et al., 1980; Abbott et al., 1986; Bathurst et al., 1995; Refsgaard and Storm, 1995) , IHDM model (Morris, 1980) , SLURP model (Kite, 1995) , SWAT model (Arnold et al., 1998) , GBHM model (Yang et al., 1998 (Yang et al., , 2002 (Yang et al., , 2004 Cong et al., 2009) , WEP (Jia et al., 2001) , VIC (Liang, 1994) etc. These and many other models have been developed and have been applied to interpret and predict the impacts of land-use change and climate variability. A bottom-up model requires vast amounts of input data for describing the variable rainfall and evapotranspiration fields, topography, vegetation, soil, and other land surface conditions, and also needs dozens of parameters for representation of the hydrological processes. Therefore, in the one hand, the costs would be prohibitively high. Beven (2001) discussed the problems of distributed model including the problem of nonlinearity, scale, equifinality, uniqueness and uncertainty. Because the physically-based distributed hydrological models can offer both detailed information of hydrological processes inside a catchment and general catchment hydrological pattern, this kind of models are usually used to analyze hydrological impacts of the changes of land use and climate. Most recently there are discussions on the direction of hydrological research, which focus on either estimating predictive uncertainty or understanding catchment hydrological function (Beven, 2006; Sivakumar, 2008; Sivapalan, 2009) . For better understanding of catchment hydrology, we need a change in the methodology of hydrological analysis. Though both the bottom-up and the top-down approaches are widely used in catchment hydrology, very little research has been carried out on the linkage between these two methods. Klemes (1983) first suggested the combination of these two approaches and mentioned that "the most promising route to significant new discoveries in hydrology is to combine the upward and downward research based on the existing facts and knowledge as well as on imagination and intuition, to form testable hypotheses-i.e. to apply the time-honored scientific method". Sivapalan et al. (2003) also anticipated that "in the near future, studies that address the same problem by both approaches at the same time will make a significant impact on a better understanding of hydrologic prediction issues". Based on the previous research, this chapter attempts to build the connection between the top-down and bottomwww.intechopen.com Analysis of Catchment Evapotranspiration at Different Scales Using Bottom-up and Top-down Approaches 105 up approach and to understand the dominant factors on catchment evapotranspiration at different time scales using a distributed physically-based hydrological model and a simple water-energy balance model.
Study area and data availability
The Luan River basin is located in the region delimited by geographical coordinates 40. 4°-42.6°N and 115.5°-118.9°E with the elevation ranging about 150-2000m above the sea level. The Panjiakou Reservoir is the largest reservoir on the Luan River in northern China, the upstream watershed of the Panjiakou Reservoir is selected as the study area in the present research (see Fig. 1 ). Fig. 1 . The study area.
The catchment extent and topography are represented using the digital elevation model (DEM) of a 90m resolutionwhich is obtained from the global topography database (http://telascience.sdsc.edu/tela_data/SRTM/version2/SRTM3/). Land use map of 100m resolution was from Data Center for Resources and Environmental Sciences of Chinese Academy of Sciences. Based on the available data, the land use has been regrouped into 7 categories including water body, urban area, forest, irrigated cropland, upland, grassland and shrub for the study area. Seasonal change of vegetation is expressed by the monthly leaf area index (LAI) derived from monthly NDVI (NDVI data is obtained from the DAAC website of GSFC/NASA: http://daac.gsfc.nasa.gov/DAAC_DOCS/). The soil type used here is obtained from the FAO-UNESCO's 1:5 million scale Soil Map of the World (FAO, www.intechopen.com The daily meteorological data consists of precipitation, temperature, average wind speed, relative humidity, sunshine duration, etc. There are 10 meteorological stations and 121 precipitation gauges in this region (see Fig. 1 ). From the two data sets, a time period from 1980 to 1991 is selected according to the availability of records in these meteorological stations and precipitation gauges. The gridded meteorological data required as input to the distributed hydrological model is interpolated from the gauge data. Precipitation is interpolated using an angular-distance weighting method (New, et al., 2000) . In the same way, the wind speed, relative humidity and sunshine hours are also interpolated into each grid. The temperatures (maximum, minimum and mean) are interpolated using an elevation-corrected angulardirection weighting method. The daily potential evapotranspiration is calculated using the wind speed, relative humidity, sunshine hours and temperature (Shuttleworth, 1993) . The discharge data are collected for the same period of 1980-1991 from the "Hydrological Year Book" published by the Hydrological Bureau of the Ministry of Water Resources. In this study, seven gauges located on the tributaries and two gauges located on the mainstream (see Fig. 1 ) are selected for analysis.
Methodology
The ratio of evapotranspiration to precipitation in the study area is nearly 70~80%, therefore, estimation of evapotranspiration is important for understanding the catchment water balance. The physically based hydrological model can estimate hourly evapotranspiration at hillslope scale, and through a bottom-up analysis the hourly evapotranspiration in each hillslope can be integrated into daily, monthly, annual and longterm mean annual evapotranspiration at catchment scale, which offers a reference for the top-down analysis. The long-term mean annual evapotranspiration of a catchment can be estimated using a water-energy balance model first, and through a top-down analysis the temporal scale is downward to year, month and day for identifying the dominant factors on catchment evapotranspiration at different time scales.
The distributed hydrological model-GBHM model
Since the GBHM model has been successfully applied in the Yellow River (Yang et al., 2004; Cong et al., 2009 ) and the Yangtze River (Xu et al., 2007 (Xu et al., , 2008 , it is chosen as a bottom-up tool to simulate the hydrological processes and the evapotranspiration in the Luan River basin. As shown in Fig. 2 , 2-km grid is used for discretization of the study catchment, in which a sub-grid parameterization scheme is employed to represent the hillslope topography (Yang et al., 2002) . The procedures of model construction contain catchment subdivision, sub-grid parameterization, physically-based hydrological simulation on hillslope and kinematic wave flow routing. A total of 97 sub-catchments were divided for the study catchment. For each sub-catchment, the geomorphologic property of stream-hillslope formation is used for representing the catchment topography and it is also assumed that a large grid is comprised of a set of www.intechopen.com
Analysis of Catchment Evapotranspiration at Different Scales Using Bottom-up and Top-down Approaches 107
hillslopes located along the streams. From a macro-scale viewpoint, the hillslopes located in a grid are viewed as being geometrically similar. A hillslope with a unit width is called a hillslope element, represented by a rectangular inclined plane (Fig. 2) . Considering the land cover heterogeneity, hillslopes located in a 2-km grid are grouped. The soil within a grid is represented as a single dominant soil type. The runoff generated from one grid is the sum of surface and subsurface runoff. The vertical flux, the actual evapotranspiration, is the total evapotranspiration simulated from all of the hillslopes. The soil moisture content is taken as the area-averaged soil moisture of all the hillslopes. The hydrological processes included in the GBHM model are snowmelt, canopy interception, evapotranspiration, infiltration, surface flow, subsurface flow and the exchange between the groundwater and the river (Yang et al., 1998 (Yang et al., , 2002 (Yang et al., and 2004 , which are simulated at 1-hour time step. Actual evapotranspiration is estimated from potential evapotranspiration, which is calculated by the Penman equation (Penman, 1984) . Considering seasonal variation of LAI, root distribution and soil moisture availability, it is computed individually from the canopy water storage, root zone and soil surface. For each 1-hour time step, actual evaporation rate from the canopy storage is expressed as:
where E p is the potential evaporation rate and is the crop coefficient. The vegetation transpiration rate is estimated as the rate of water taken up from the root zone and follows the equation:
where tr () j Ez is the transpiration rate from layer j of the root zone; 1 () j f z is the root distribution function that is given by a triangular distribution with its maximum near the surface; 2 () j f θ is given as a linear function of soil moisture j θ ; and LAI 0 is the maximum leaf area index of the vegetation in a year. For the bare soil, the evaporation rate is given by:
where K c is the evaporation rate from the soil surface. In ponding conditions, the value of K c is 1. The actual transpiration from the root zone and evaporation from the soil surface are treated as sink terms in Richards' equation that is employed to model soil water movement in the unsaturated zone. Infiltration and subsurface flow in the vertical direction and along the hillslope are described in a quasi-two-dimensional subsurface model. The vertical water flow in the topsoil is represented by Richards' equation. The soil water distribution along the hillslope is treated as uniform. When the soil water content in each layer is more than the field capacity, water moves to the stream along the hillslope by gravity. The surface runoff, from the infiltration excess and saturation excess, is obtained by solving Richards' equation and flows to the river along the hillslope by a kinematic wave. The groundwater aquifer is treated as an individual storage corresponding to each grid. The exchange between the groundwater and the river water is considered as steady flow and is calculated by Darcy's law (Yang et al., 2002) . The runoff generated from the grid is the lateral inflow into the river at the same flow interval. Flow routing in the river network is solved using the kinematic wave approach. The parameters used in the model include vegetation parameters, land surface parameters, soil-water properties, river parameters, a snow-melting parameter and a groundwater parameter. Since most parameters have their physical meanings, they can be estimated through field tests. This study specifies the parameters by referring to the existing database and handbooks. A 6-year test run from 1980 to 1985 is carried out for calibrating the model parameters. One of the calibrated parameters in this model is the snowmelt factor in the temperature-based snowmelt equation. Another calibrated parameter, the hydraulic conductivity of the groundwater, is calibrated by checking the base flow in different subbasins. Model validation is carried out from 1986 to 1991. In the calibration period, the Nash-Sutcliffe coefficient for the simulated daily discharges at the outlet of the study area is nearly 0.80, and the absolute values of the relative error are less than 2%. For the major tributaries, the values of are larger than 0.65 and the absolute values of the relative error are less than 8% and the others are more than 10%. This showed that hydrological simulation by the GBHM model is reasonable.
The water-energy balance model
Evapotranspiration is the key component linking water balance with energy balance. The primary factors controlling the long-term mean evapotranspiration are the local interaction of water supply (precipitation) and demand (potential evapotranspiration). Budyko (1974) assumed that actual evapotranspiration is controlled by both water and energy availabilities and considered that the ratio of annual evapotranspiration and annual precipitation is the function of the ratio of annual precipitation and annual net radiation. Based on the Budyko hypothesis, and based on dimensional analysis and mathematical reasoning, Yang et al. (2008a) considered the important effect of the vegetation and derived an analytical equation of the coupled water-energy balance at an annual time scale, expressed as: 
where the monthly vegetation coverage was calculated from the NDVI data by using the method proposed by Gutman and Ignatov (1998) :
The actual evapotranspiration obtained from Eqs. (4) and (5) showed remarkable agreement with that derived from the long-term water balance at Haihe River Basin ), s o E q s . ( 4 ) a n d ( 5 ) w e r e u s e d i n t h i s r e s e a r c h t o c a l c u l a t e t h e a c t u a l a n n u a l evapotranspiration. In order to validate the water-energy balance model given by Eqs. (4) and (5) at annual time scale, the actual annual evapotranspiration simulated for each subcatchment were plotted against the actual annual evapotranspiration estimated from the observed precipitation subtracting the observed runoff by neglecting the change of water storage (see Fig. 3 ). Most values of predicted annual evapotranspiration are much close to the observed ones, which shows good simulation of annual evapotranspiration. The relative error between the long-term average evapotranspiration calculated by this model and the actual evapotranspiration estimated from the long-term water balance is less than 5%. As Eq. (4) doesn't consider inter-annual variability of soil water content, Yang et al. (2008b) derived another equation to estimate the evapotranspiration at arbitrary time scale which contains the variability of soil water, followed as:
in which P is the precipitation, and S is the initial soil water of each simulation time period (i.e., annual, monthly, daily period). To use the above equation for continuous simulation, we rewrite Eq. (7) as:
in which i represents the ith simulation time period, S i-1 represents the initial soil water content at the ith period. And the soil water content at the end of the ith period can be derived from the water balance equation as: 
in which G i is the groundwater recharge. The value of G i is ignored since its relatively small value in the research area. The evaportranspiration at arbitrary time scales can be simulated using Eqs. (8) and (9) as long as the initial soil water content S 0 is given. The value of S 0 is derived from the continuous simulation at the first several simulation periods. The parameter n in Eq. (8) is calculated at different time scale according to Eq. (5), however, at the daily time scale the same parameter as the monthly scale is used due to the vegetation data availability.
Results and discussion

Bottom-up analysis
The GBHM model used a linear assumption at hourly temporal and hillslope spatial scale, that is, the actual evapotranspiration for a hydrological unit at hourly scale is estimated to be proportional to the potential evapotranspiration (Eqs. (1) - (3)). It is known that annual precipitation, potential and actual evapotranspiration are following the Budyko curve at catchment scale. Based the long-term evapotranspiration estimated by GBHM, Fig. 4 plots the annual precipitation, potential and actual evapotranspiration for the 9 sub-catchments and the whole watershed in two alternative forms of the Budyko curves, i.e. E/P vs. E 0 /P and E/E 0 vs. P/E 0 . The value of parameter ranges from 2.5 to 2.95 in the study area and all the points stand inside the two curves. According to Yang et al.'s study (Yang et al., 2006) , the actual evapotranspiration at annual and catchment scale is mainly controlled by precipitation rather than potential evapotranspiration in the non-humid regions of China, and the relationship between the actual and potential evapotranspiration should be complementary. The actual and potential evapotranspiration is usually plotted against the precipitation for validating the complementary relationship of evapotranspiration. Fig. 5 shows the complementary relationship between the actual and potential evapotranspiration, in which the actual Fig. 5 . Relationship between annual values of actual evapotranspiration (E) and potential evapotranspiration (E 0 ) plotted versus annual precipitation (P): (a)-(i) represent the 9 subcatchment, respectively, and (j) represents the whole study catchment. (The circular dots represent potential evapotranspiration (E 0 ), the cross dots represent actual annual evapotranspiration (E) predicted by GBHM, and the triangular dots represent actual annual evapotranspiration (E) predicted by water-energy balance model)
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evapotranspiration is simulated by the GBHM. From Fig. 4 and 5, it is known that annual catchment evapotranspiration simulated by the GBHM agreed with the Budyko curve and followed the complementary relationship with potential evapotranspiration, which showed that the GBHM could simulate interaction between the land surface and atmosphere. For a general case, the actual evapotranspiration is determined mainly by the potential evapotranspiration, soil moisture and vegetation status, which can be expressed in a general form as 0 (, , ) ( E f E vegetation θ θ = is soil moisture content). This is an unknown non-linear equation for the most cases in a real catchment. One analytical solution of this equation is given as Eq. (4) which shows a nonlinear relationship between the annual precipitation, potential and actual evaportranspiration. This equation can also be calculated as the summation of the actual evapotranspiration at each 1-hour time step over the same year. At hourly time scale over a uniform landscape condition, the soil moisture can be viewed as constant and expressed as a soil moisture-impact factor (that is expressed as a stage-linear function of soil moisture content) in the equation; and the leaf-area-index can also viewed as constant and expressed as a vegetation-impact factor. Therefore, the linear assumption (Eqs.
(1)- (3)) for a hydrological unit with relative uniform landscape condition at a short time scale (1-hour in this model) can be adopted. The complementary relationship between the actual and potential evapotranspiration results from the interaction between the land surface and atmosphere. For a given net radiation, a decrease in actual evapotranspiration will cause an increase in sensible heat flux, and then an increase in potential evapotranspiration due to the land surface-atmosphere interactions (Bouchet, 1963) . Budyko (1974) assumed that actual evapotranspiration is controlled by both water and energy availabilities. At the annual time scale, the water availability is the amount of annual precipitation and the energy availability can be measured by the potential evapotranspiration. The water-energy balance given by Eq. (4) describes the non-linear relationship among annual precipitation, potential and actual evapotranspiration and the land surface-atmosphere interactions. In the GBHM, the potential evapotranspiration rate is estimated using Penman's equation based on the daily meteorological data, which is the synthesized result of net radiation and turbulent diffusion including the feedback from land surface (e.g. the vapor pressure and air temperature are affected by the land surface evapotranspiration). Therefore, the actual evapotranspiration simulated by the GBHM model also includes the interaction and feedback between land surface and atmosphere.
Top-down analysis
A lumped water-energy balance model is used in the top-down analysis for understanding the major controlling factors of the evapotranspiration at different temporal scales. The actual evapotranspiration simulated by the GBHM was used as a reference for this analysis. Analysis is from a long-term time scale down to an annual, monthly and daily time scale. At the long-term time scale, Eq. (4) is used to estimate the actual evapotranspiration; at the annual time scale, Eq. (4) is used to estimate the actual evapotranspiration neglecting of the inter-annual variability of soil moisture; at the monthly and daily time scale, Eq. (8) is used with consideration of the soil moisture availability.
Actual evapotranspiration at long-term time scale
The mean annual evapotranspiration is controlled by the local interaction of fluctuating water supply (precipitation) and demand (potential evapotranspiration) at long-term time scale. Fig. 6 and Table 1 show the comparison of the long-term mean values of actual evapotranspiration estimated from the annual precipitation and runoff data by neglecting the change of water storage, simulated by the GBHM model and the water-energy balance model. It can be seen that the values of the actual evapotranspiration by different models are in a good agreement. Considering the value estimated from the long-term water balance by neglecting the change of water storage as the "true value" (which is denoted as the "observation"), the relative error for the simulated annual evaportranspiration are within by both GBHM and water-energy balance model.
Actual evapotranspiration at annual time scale
In order to understand inter-annual variability and the major controlling factors of catchment evapotranspiration at annual time scale, assuming vegetation condition is unchangeable or changeable and neglecting or consideing the variability of soil water four different conditions are used in the simulation for comparison: (1) using Eq. (4) with the same value of parameter n for every year in each sub-catchment (denoted as Sim-A1); (2) using Eq. (4) with the different value of parameter n estimated using Eq. (5) according to the vegetation coverage for every year in each sub-catchment( denoted as Sim-A2); (3) using Eq. (8) with the same value of parameter n for every year in each sub-catchment(denoted as Sim-A3); (4) using Eq. (8) with the different value of parameter n estimated using Eq. (5) according to the vegetation coverage for every year in each sub-catchment(denoted as Sim-A4). Taking average values of the annual evapotranspiration during the simulated period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) for each sub-catchment simulated by the water-energy balance model and comparing with the observation, Table 2 shows the relative error. Results show that Sim-A3 and Sim-A4 have a better result than Sim-A1 and Sim-A2, which implies that it is essential to consider inter-annual variability of soil moisture for estimating annual catchment evapotranspiration. sensitive to the soil water than to the vegetation coverage. Fig. 7 shows the inter-annual variability of the actual evapotranspiration in each sub-catchment from 1980 to 1991 simulated by the water-energy balance model in Sim-A4 (considering inter-annual variability of both vegetation and soil water) and the GBHM model. It can be seen that both results have a very similar temporal pattern for the 10 sub-catchments. Results show that both the simple lumped water-energy balance model and the physically-based distributed hydrological model can predict catchment annual evapotranspiration and its inter-annual variability.
Actual evapotranspiration at monthly time scale
At monthly time scale, similar assumptions and similar four conditions as the above were used in the simulation of monthly evapotranspiration, i.e., (1) using Eq. (4) with a constant parameter n for each sub-catchment (denoted as Sim-M1); (2) using Eq. (4) with the different value of parameter n for every month in each sub-catchment (denoted as Sim-M2); (3) using Eq. (8) with a constant parameter n in each sub-catchment (denoted as Sim-M3); (4) using Eq. (8) with the different value of parameter n for every month in each sub-catchment (denoted as Sim-M4). Monthly evapotranspiration are integrated to the long-term annual evapotranspiration, which is used to compare with the observation. Table 3 shows the results of the relative error for each sub-catchment. It can be seen that the result of Sim-M4 has the least relative error, which implies that it is essential to include variability of both soil water and vegetation coverage for estimating catchment evapotranspiration at monthly time scale. The results also indicate that the soil water content is more important than the parameter n for estimating the monthly evapotranspiration. Taking the whole study area as an example, Fig. 8 (8), the soil is considered as a single storage with no interaction with the groundwater, and this simplification may be a reason for the error shown in Fig. 8 . Since the monthly NDVI data was used in the study, the parameter n only can be obtained at monthly time scale and the daily parameter n is considered as the same in each month. At daily time scale, two different conditions are used: (1) neglecting the variability of soil water, which is using Eq. (4) (denoted as Sim-D1) with monthly parameter n; (2) considering the variability of soil water, which is using Eq. (8) (denoted as Sim-D2) with monthly parameter n. Daily evapotranspiration is integrated into the long-term mean value of annual evapotranspiration for comparing with the observation. Table 3 shows the relative error for each sub-catchment. It is clear that result of Sim-D2 is much better than the result of Sim-D1, which implies that the soil water content is a very important factor controlling the daily evapotranspiration. Comparing the results simulated at daily time scale by the water-energy balance model and by the GBHM model for the whole study area, it can be seen that the simple water-energy balance model is not possible to simulate the daily variability of evapotranspiration without consideration of the soil moisture storage. However, with consideration of the soil water storage, this simple model is also difficult to capture the daily variability appropriately. As known that soil water movement usually can not penetrate the whole soil layer (e.g. 1-m depth) within a day, therefore, it is important to describe the soil water dynamics at daily or shorter time scale rather than to consider a total storage of the soil water.
Conclusions
In this study a bottom-up and top-down analysis based on a distributed physically-based hydrological model (GBHM) and a simple water-energy balance model derived from Budyko hypothesis was carried out for understanding the dominant factors on catchment evapotranspiration at different scales in 9 sub-cachments and the whole basin of the Luan River in Northern China. At annual and long-term time scales, a consistent result has been achieved by the two models, which show the complementary relationship between the actual and potential evapotranspiration at annual time scale for the study areas. However, at a shorter time scale, the difference between the two simulations by GBHM and the waterenergy balance model became larger. On the basis of the comprehensive inter-comparison in the framework of the top-down and bottom-up analysis through different temporal scales, it can be concluded as follows: 1. The catchment annual water balance pattern can be predicted successfully by both a simple lumped model and a detailed distributed model in the study areas; 2. The relationships between potential and actual evapotranspiration can be different at different temporal and spatial scales. It shows highly nonlinear relationship at annual and catchment scale, but can be simplified as a linear relationship at hourly and hillslope scale; 3. The soil water storage and the soil water dynamics become more important for simulation of evapotranspiration at a shorter temporal scale; 4. Consideration of vegetation coverage can improve the simulation of inter-annual and seasonal variability of catchment evapotranspiration in the lumped water-energy balance model; 5. Comparison of the top-down and the bottom-up methods can offer a new way for understanding the catchment hydrological behavior at different temporal and spatial scales, and is potentially helpful for developing new generation of hydrological model.
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